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Abstract: In the past decade, neurophysiological and physiological tools have been used to explore
consumer behaviour toward advertising. The studies into brain processes (e.g., emotions, motivation,
reward, attention, perception, and memory) toward advertising are scant, and remain unclear in
the academic literature. To fill the gap in the literature, this study followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) protocol to extract relevant articles. It
extracted and analysed 76 empirical articles from the Web of Science (WoS) database from 2009–2020.
The findings revealed that the inferior frontal gyrus was associated with pleasure, while the middle
temporal gyrus correlated with displeasure of advertising. Meanwhile, the right superior-temporal
is related to high arousal and the right middle-frontal-gyrus is linked to low arousal toward adver-
tisement campaigns. The right prefrontal-cortex (PFC) is correlated with withdrawal behaviour, and
the left PFC is linked to approach behaviour. For the reward system, the ventral striatum has a main
role in the reward system. It has also been found that perception is connected to the orbitofrontal
cortex (OFC) and ventromedial (Vm) PFC. The study’s findings provide a profound overview of the
importance of brain processes such as emotional processes, reward, motivation, cognitive processes,
and perception in advertising campaigns such as commercial, social initiative, and public health.

Keywords: PRISMA; neuromarketing; advertising; WoS database; brain processes

1. Introduction

Self-report has been adopted in marketing activities to evaluate and identify consumer
responses toward stimuli in the marketing sector, such as advertising practices. According
to Carrington, et al. [1], the self-report methods reflect/measure the conscious responses
(e.g., perception, approach/withdrawal attitudes, and thoughts) toward advertising. In fact,
self-report cannot measure the unconscious or subconscious responses, which represent the
majority of consumer responses, such as decision-making. Thus, researchers and marketers
have adopted neuroscience tools such as electroencephalography (EEG) in the marketing
field, to better understand the unconscious responses of consumers [2–4], which has led to
an emerging new field, the so-called “Neuromarketing”. Smidts [5] was the first business
researcher who coined the term “neuromarketing”, in 2002. Neuromarketing is a hybrid
field containing numerous areas/fields such as psychology, marketing, and neuroscience [6].
According to Fortunato, et al. [7], the thanks for spreading this term was given to the Bright
House Company when it created the first fMRI laboratory for marketing research.

In the hyper-competitive environment, neuromarketing is a mainstay in advertis-
ing because it has an opportunity to gauge consumers’ neural responses as emotional
responses toward advertising; thereby, it is a revolutionary field for a better understanding
of the subconscious and unconscious consumer responses. According to the literature, the
rapid technological progress in neuroscience technology led to a better understanding of

Behav. Sci. 2022, 12, 472. https://doi.org/10.3390/bs12120472 https://www.mdpi.com/journal/behavsci

https://doi.org/10.3390/bs12120472
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/behavsci
https://www.mdpi.com
https://orcid.org/0000-0002-1364-3545
https://orcid.org/0000-0001-7230-8766
https://doi.org/10.3390/bs12120472
https://www.mdpi.com/journal/behavsci
https://www.mdpi.com/article/10.3390/bs12120472?type=check_update&version=1


Behav. Sci. 2022, 12, 472 2 of 21

consumers’ behaviour in several contexts, such as, but not limited to, advertising [8–11].
Therefore, marketing and advertising leaders have used this technology to boost innovation
and success in marketing and advertising, by controlling and minimizing task conflict [12].
According to Ramsoy [13], neuromarketing tools have been divided into four clusters,
as follows: (1) neuroimaging tools such as electroencephalography (EEG), magnetoen-
cephalography (MEG), functional magnetic resonance imaging (fMRI), positron emission
tomography (PET), and transcranial magnetic stimulation (TMS); (2) physiological tools
such as galvanic skin responses (GSR), eye-tracking (ET), electrocardiogram (ECG), and
electromyography (EMG); (3) self-report methods such as surveys, observations, focus
groups, and interviews; (4) behavioural measurements, such as the implicit association
test (IAT). For instance, neuroimaging tools have been used to gauge emotions, attention,
and memory regarding advertising [14,15]. At the same time, physiological tools have
been used to gauge the physiological responses of consumers, such as, but not limited to,
visual fixation in-store at the purchasing point, thereby providing valuable and fruitful
insights into the attitudes of consumers (i.e., approach, withdrawal) [16–18]. Behavioural
measurements are used to measure the reaction time of consumers toward stimuli, and
self-reporting is used to measure the conscious behaviour of consumers toward stimuli
such as approach/withdrawal attitudes [18].

According to the literature, the first fMRI investigation in neuromarketing was carried
out by McClure, et al. [19], and largely contributed to the practical studies of neuromarket-
ing [18]. Therefore, neuromarketing research has received attention from both academia
and the industrial world as a means of filling the gap in traditional marketing methods and
overcoming the limitations by reducing consumer social-bias (e.g., consumer choices can be
affected by others) [7]. However, understanding the global trends in advertising research
within the neuromarketing field is still unclear in academic studies. In addition, to date, no
investigation has determined the current neurophysiological and physiological techniques
that have been used in studying the unconscious/subconscious responses of consumers
toward advertising such as YouTube video scenes, TV ads, public health ads (antismoking),
initiative ads (encouraging the use of seat belts in cars). To sum that, this study tries to
analyse the extracted articles in depth, to provide a precise and concise conclusion. The
contributions of this work are summarized as follows:

• Provides a profound evaluation of the current advertising research that has been used
to investigate unconscious and subconscious consumer behaviour, such as emotional
dimensions, perceptions, reward processes, and approach/withdrawal motivation
toward advertising.

• Provides an overview of the current neurophysiological and physiological tools that
were used in advertising within the neuromarketing context between 2009 and 2020.

In this vein, the current paper provides an inclusive overview of neuromarketing
research and the current research objectives. Section two presents the methodology and
data-collection process. Section three presents the growth of the publication, topics of
interest and a thematic analysis. A discussion of the study’s findings is presented in Section
four. Section five presents a concise conclusion and the implications of our work. Finally,
Section six presents the limitations and future directions.

2. Materials and Methods

This review study is designed to select empirical articles from the Web of Science
(WoS) database in advertising within the neuromarketing context, to fill the gap in the
literature. The reason behind choosing the WoS database over Scopus is the availability of
cleaner data, which means reducing the duplications as compared to the Scopus database;
additionally, WoS includes publications in top-tier journals [20]. The first step was to
follow the instructions of the PRISMA protocol to select the empirical articles which used
neuroimaging and physiological tools to investigate consumer responses to advertising
research within neuromarketing [21]. The reason behind the use of the PRISMA protocol
to select the relevant articles for this study were that it has been widely used in social
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science and business to extract and select articles related to the study, for example, online
learning [22], neuromarketing [23], and service and healthcare [24,25].

For the second step, we used the content analysis of selected empirical articles for
this study. The above processes will provide us with a profound insight into the advance-
ment in advertising research by identifying and analysing the general and specific areas.
Additionally, providing us with a better understanding of advertising research that used
neuroimaging and physiological tools/methods and which can be considered when we
are conducting further research into advertising research. Therefore, the findings of this
study provide a guide for new scholars who are interested in advertising research within a
neuromarketing field.

Relevant empirical articles have been selected by using the following query applied
to the title, abstract, and keywords: (((“neuromarketing” OR “consumer neuroscience”)
AND (“advertising” OR “advertisement”) AND (neuroimaging OR physiological))). This
study extracted 76 empirical articles relevant to this review paper from January 2009
to December 2020. This study focused on empirical journal-articles, in comparison to
conferences and book chapters, which generally undergo a much more rigorous review
process and therefore improve the credibility of published research in journals [26]. Figure 1
demonstrates the selection of articles processed for this study, as follows:

• Methods: neuroimaging and physiological tools;
• Publication year: January 2009 to December 2020;
• Language: English;
• Document type: original articles (chapters of books, articles from conferences, reviews,

and proceedings books were excluded).
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3. Results
3.1. Growth of the Publication

Seventy-six articles were extracted from the WOS which used neuromarketing tools.
According to the literature, McClure, et al. [19] published the first neuromarketing study
in 2004, when they investigated the neural correlates of consumer behaviour (e.g., choice,
decision-making) toward two brands (Coca-Cola vs. Pepsi Cola). However, the first
investigation into advertising was carried out by Morris, et al. [27]. They found the gyri
regions of the brain were highly related to pleasure/displeasure and high/low arousal.
From January 2009 to December 2020, there was a fluctuation in the number of published
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articles in advertising. In 2020, it was the highest number of annual publications with
thirteen articles, as depicted in Figure 2.
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By exploring the relevant articles to develop this review article, it was possible to
classify the global academic-research trends and advancement in advertising and neuro-
marketing, as follows: (i) neuroimaging and physiological tools used in advertising; and
(ii) consumers’ brain processes to be considered in advertising, such as emotions, motiva-
tion, reward process, attentions, perception, and memory. By reviewing the selected articles,
we can enrich our understanding, to achieve the objectives of this study. Table 1 shows the
summary of the neuroimaging and physiological tools that were used to investigate the
brain processes of consumers toward advertising research.

Table 1. Classifications of neuroimaging and physiological tools used in advertising research.

Classifications Tool No. of Studies Percentage (%)

Neuroimaging tools
EEG 38 50%
fMRI 20 26.3%
fNIRS 4 5.3%

Physiological tools

ET 14 18.4%
GSR 12 15.8%

ECG/HR 9 11.8%
IAT 4 5.3%

EMG 3 4%

Self-report Surveys, interviews,
observation 7 9.2%

3.2. Topics of Interest and Thematic Analysis
3.2.1. Neuroimaging and Physiological Tools Used in Advertising

We found that the neural-response recording-tool most used in advertising was EEG.
EEG is an electrical and also a non-invasive technique to gauge the unconscious/subconscious
responses of consumers toward ads by recording the voltage changes of frequencies at
scalp regions [28–31]. According to [32], there are five frequency bands (e.g., delta, theta,
alpha, beta, and gamma). The EEG tool uses a 10–20 global system, which is used to
describe the electrode locations on the volunteer’s scalp, for example, (Fp), (F), (P), (O),
(C), and (T) describe the prefrontal, frontal, parietal, occipital, central, and temporal,
respectively. Moreover, it uses the same number of electrodes on both side of the volunteer’s
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head (i.e., right and left side) [33,34]. In addition, it has an excellent temporal accuracy
(estimated in milliseconds (ms)) and a poor spatial accuracy (estimated at 1 cm3 at the
scalp regions) [35–37]. In addition, it is not expensive or noisy [38]. fMRI and fNIRS are
non-invasive, metabolic tools. Both are used to record oxygenated and deoxygenated
haemoglobin in the brain [39,40]. fMRI has a superior spatial accuracy (estimated at
1–10 mm3 of the deep structure of the brain) compared with fNIRS, which has poor
spatial accuracy (estimated at 4 cm of cortical-activity regions) [41]. Meanwhile, both
have acceptable temporal accuracy (estimated in seconds) [42,43]. fMRI and fNIRS have
been used in marketing research to record the subconscious/unconscious responses of
consumers (e.g., preference, perceptions, purchase decisions, choices) toward marketing
stimuli [41,43,44]. fNIRS is a portable, novel, promising, and silent neuroimaging technique,
which is also cheaper than fMRI [39,45,46].

ET is a portable technique that is used to gauge physiological reactions such as eye
movements, pupil dilation, saccade, and fixation toward the stimuli of marketing [18].
According to Hoffman [47], it is used for measuring eye movements and the attention of
consumers, which is beneficial for psychology and neurological research. Eye fixations
last between 200 and 350 ms while reading a text and watching video scenes, respectively,
while 200 ms refers to the duration of saccadic eye-movements [48]. The set of fixations
and saccades is named the scan route, and analyses visual perception and cognitive pur-
pose [49]. Pupil dilation with a longer blink-period gives us better information about
processing [18]. The GSR and ECG tools are used to gauge the emotional reactions of
consumers toward ads [50]. For example, sweating level is recorded by the GSR tool and
the heart rate/heartbeat is measured by the ECG tool [50–52]. In addition, both of them can
measure the autonomic nervous system and evaluate the internal emotional status of con-
sumers [53]. Therefore, GSR and ECG are convenient and reliable techniques for measuring
the emotional status of consumers and changes in skin conductance, respectively [54]. IAT
is able to identify the customers’ attitudes toward marketing stimuli such as brands or ads
(e.g., like/dislike) by recording the reaction time of customers [18]. EMG is used to measure
the reactions shown on individuals’ faces (e.g., pleasure/displeasure, . . . , etc.) toward
advertising [55], because facial-expression analysis is significant for marketers and adver-
tisers, because faces can provide beneficial information about perceptions of customers
toward ads in terms of measuring visible and invisible facial-muscle reactions [29].

3.2.2. Brain Processes to Be Considered in Advertising
Emotion and Feelings

The feeling is a relatively conscious aspect of emotional status [56], which derives from
individuals’ judgments such as level of pleasure or unpleasure toward advertising [31];
it is likely the best way to understand and explain the physiological responses of the
consumer toward ads [31,57]. Many research studies have affirmed that ad-elicited feelings
are strong indexes of consumers’ response toward advertising [58]. On the opposite side
of the spectrum, emotion is an unconscious aspect of emotional status which correlates
to an automatic somatic response such as increased heart beat in some conditions (fright,
anger) [56,59], which is crucial for making decisions, learning, and solving problems [60].
Advertisers and marketers can use both in advertising to captivate consumers’ attention,
thereby enhancing purchase intention. Emotions are accompanied with changes in the
autonomic nervous system (i.e., zygomatic facial muscles, corrugator facial muscles, and
heart-rate), which can provide rich information about the emotional status of consumers.
Therefore, the study of emotions has attracted many researchers and advertisers [61].

Emotion is constructed from a neural network in the brain, which performs basic
psychological activities/functions (e.g., memory, perception, salience detection) [62]. There-
fore, emotion is defined as the set of changes in the individual’s physiological and sub-
conscious and unconscious responses, based on the individual’s experiences [63,64]. In
addition, emotion is a relationship between humans and the environment, including multi-
ple subcomponents (e.g., physiological, behavioural, appraisal, and expression [65]. The
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cognitive and neurological frameworks of the role of emotion in decision-making has
been investigated more through Damasio’s theory, which is also known as the somatic
marker hypothesis [66,67]. Consequently, researchers have agreed on two dimensions
for measuring emotional responses toward stimuli: (i) valence/balance (i.e., pleasure or
displeasure, depression or excitement), (ii) arousal (e.g., high or low) (Figure 3) [28,68,69].
Figure 3 shows that the valence indicates either positive or negative emotional-status which
is evoked by external stimuli such as advertising. In addition, valence is measured from
the positive to the negative side. On the other side of the spectrum, arousal indicates the
level of excitement; whether high or low, it is measured from high to low levels [68,70,71].
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Table 2 shows several methods to measure emotions and feelings toward marketing
stimuli. Previous studies have used, for example, self-report and physiological methods
to analyse the emotional responses of consumers toward advertising [72]. For example,
the EMG and self-report investigation of Lajante, et al. [73] gauge the consumer’s plea-
sure/displeasure toward advertisements. The findings of the experiment revealed that
pleasure/displeasure had positively impacted the attitudes of customers toward adver-
tisements. The ECG, EDA, and questionnaire study of Baraybar-Fernández, et al. [50]
found that audio and visual ads with sad messages have more influence on participants.
Barquero-Pérez, et al. [53] used the ECG, EDA and questionnaire in their experiment. They
found that each type of ad generated a different emotion, such as surprise, anger, and
so forth. In addition, physiological tools have been used to investigate the effectiveness
of online advertising (e.g., YouTube) [51]. For example, Guixeres, et al. [51] used brain
response, ECG, and ET to investigate the relationship between ad effectiveness and the
number of views on YouTube. They found that there is a solid relationship between ad
effectiveness and the number of views on YouTube. Herrador, et al. [74] conducted an EDA
experiment and the findings revealed that both groups of participants (male and female)
indicated a strong initial activation; moreover, they noticed a reduced activation during
the most significant part of video material in the male group. Venkatraman, et al. [28]
used several neuromarketing tools to evaluate participant’ responses to a 30-second TV
advertisement. The findings revealed that the activity in the ventral striatum could be
the predictor of response to advertising. Grigaliunaite and Pileliene [75] conducted an
experiment by using ET and they found that emotional and rational advertising appeals
influence consumers’ responses in various ways. The IAT and ET investigation of Pileliene
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and Grigaliunaite [76] found that warm-colour temperature attracts more visual attention
to the advertisement; thereby generating a positive implicit attitude and inducing the
buying intentions toward the advertised product, compared with cool-colour tempera-
ture advertisements, whether the spokesperson is a female or male celebrity. Similarly,
Grigaliunaite and Pileliene [77] found that negative smoking images reflected a negative
implicit attitude/behaviour of individuals toward those images and smoking behaviour,
increasing the influence on individuals’ intention to whether to quit or not to start smoking.
The ERP, ET, and questionnaire investigation of Pileliene and Grigaliunaite [78] found
that a well-known female spokesperson has a significant impact on the effectiveness of
fast-moving consumer-goods advertising.

Table 2. Neuromarketing tools to measure emotions and feelings.

Emotional Processes Dimensions Classification Tools to Measure Emotions and Feelings

Emotions Valence,
Arousal

Neuroimaging tools fMRI, PET, EEG, SST, EMG

Physiological tools SST, GSR/SC

Feelings Self-reports Surveys, interviews, focus groups, and observation

There has been an interesting growth in understanding the non-verbal responses of
emotional status toward advertising by using neuroscience methods such as fMRI, EEG,
fNIRS [31,51,79–82]. For example, Plichta, et al. [45] conducted an fNIRS experiment to
investigate the detection of sensory activity by measuring emotional signals in the auditory
field. The findings revealed that pleasurable/unpleasurable sounds increased the activity
in the auditory cortex, compared to neutral sounds. Gier, et al. [41] conducted the fNIRS
experiment to explore whether the fNIRS tool had the ability to predict the success of
point-of-sale elements by measuring the neural signals of brain regions such as the dlPFC.
The findings revealed that the fNIRS has the ability to predict the success elements at the
point of sale, relying on the cortical-activity effect.

The EEG investigations of Vecchiato, et al. [83], and Vecchiato, et al. [84] found that
activity in the right frontal alpha is associated with pleasure/liking ads, while the left frontal
alpha correlated to displeasure/disliking ads. Additionally, Vecchiato, et al. [85] found
that there were gender (i.e., male and female) differences in interest toward commercial
categories and scenes in two ads. The EEG experiment of Harris, et al. [86] found that
emotional advertisements are more effective than rational advertisements, which leads
to a positive change in decision-making, inducing donation, and liking. The findings of
Chen, et al. [87] revealed that e-cigarette ads increased the smoking desire; additionally,
e-cigarette ads increased activity in the left middle-frontal-gyrus, the right medial-frontal-
gyrus, the right parahippocampus, the left insula, the left lingual gyrus/fusiform gyrus,
the right inferior-parietal-lobule, the left posterior-cingulate, and the left angular-gyrus.
Wang, et al. [88] and Royo González, et al. [89] found that the narrative approach of ads and
exposure to branding products have a favourable influence on the consumers’ preferences
and excitement. The fMRI investigations of Morris, et al. [27] and Shen and Morris [90]
found that pleasure and displeasure are correlated with more activity in the inferior frontal-
and middle temporal-gyrus, respectively, while low and high arousal is associated with the
right superior-temporal- and right middle-frontal-gyrus, consecutively. Leanza [91] used
EEG and found that some of the emotive features of the virtual reality (VR) experience
significantly influenced consumers’ preferences. Ramsoy, et al. [92] found that arousal and
cognitive load were highly connected to subsequently stated travel-preferences; moreover,
consumers’ subconscious emotional and cognitive responses are not identical to subjective
travel-preference. Shestyuk, et al. [93] found that the EEG is a convenient tool to predict
the success of TV programs and determine cognitive processes. Wang, et al. [94] conducted
an experiment to propose a generative-design method using EEG measurements. The
findings revealed that the product image that was generated with preference EEG-signals
had more preference than the product image generated without preference EEG-signals.
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Kim, et al. [95] conducted an experiment to identify the effect of visual art (e.g., Mondrian’s
and Kandinsky’s artworks) on consumers’ preferences, by using EEG. The findings showed
that the visual effects induced high emotional arousal, which might promote heuristic
decision-making. Mengual-Recuerda, et al. [96] found that food served by a chef positively
influences emotions, while dishes with special presentations attract more attention than
traditional dishes. The EEG study of Eijlers, et al. [31] found that arousal is positively
connected to prominent ads in the wider population and negatively to consumer attitudes
toward these ads.

Motivation

According to Lang and Bradley [97], emotions and motivation processes are highly
intersected and correlated. Chiew and Braver [98] and Pessoa [99] found that cognition
and consumers’ behaviours are highly affected by motivational processes. For example,
positive motivational stimuli will urge individuals toward achieving goals (e.g., obtain or
predict a reward by performing a task correctly) [100], while negative motivational stimuli
can lead to distraction [101].

Pessoa [102] and Raymond [103] suggested that motivational processes are a compass
of consumers’ attitudes toward external stimuli to engage with the environment and achieve
goals. Higgins [104] suggested two dimensions for measuring motivational processes such
as withdrawal and approach attitudes. Researchers and practitioners attempted to in-
vestigate the neural responses of motivational processes to better understand consumers’
behaviours toward advertisements and products [83]. For example, Cherubino, et al. [105]
carried out an experiment using EEG to investigate the relationship between the PFC
and motivational dimensions. The findings revealed that the PFC is related to motiva-
tional dimensions, wherein the right PFC correlated to withdrawal attitudes and the left
PFC related to approach attitudes. The EEG investigations of Pozharliev, et al. [106] and
Zhang, et al. [107] recorded the brain responses of subjects toward luxury products (moti-
vations). The findings showed that social motivations have a vital role in influencing the
purchase of luxury products in order to satisfy social goals (at least one goal). The EEG
investigation of Bosshard, et al. [108] found that liked brands reflect more motivational
aspects and activity signals in the right parietal-cortices than disliked brands.

Therefore, there is a strong relationship between the activation of the PFC and moti-
vational dimensions toward marketing stimuli such as advertisements [109]. Therefore,
marketing researchers and practitioners have to focus on the motivational processes of
consumers to orient the marketing mix (e.g., target-appropriate audiences and markets,
increasing the effectiveness of ads and products) [110]. According to previous studies, NM
research has used the approach/withdrawal attitude to evaluate TV ads [111]. Therefore,
approach/withdrawal motivational attitudes are highly significant for marketing and
advertising research.

Reward Processing

According to the literature, it is highly significant for researchers and practitioners
to study and know the neural responses that are responsible for reward processing, such
as money, food, and social activities [112–115]. This is because the positive rewards such
as gaining money, foods, or other types of rewards, enhance the accuracy and cognitive
task [116–118] through modifying the early attentional process. Anderson, et al. [101]
demonstrated that visual features (e.g., product design) that are correlated to reward, will
make the consumer prioritize, therefore attracting the consumer’s attention automatically.
For example, the design preference of a product or brand can increase the activity in the
regions which are responsible for reward processing, thereby, causing more activation
in regions of motivations that might impact consumers’ purchase decisions [29]. Many
studies concentrated on the individual’s response toward a monetary reward by studying
the approach/avoidance attitude [112,113]. For example, Bechara, et al. [119] carried
out an experiment named the “Iowa Gambling Task” by using GSR to investigate the
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influence of reward on decision-making. They divided participants into two groups,
the healthy group and the group with lesions in the vmPFC. The findings revealed that
healthy participants sweated more, which led them to infer that participants had a negative
emotional experience toward picking up cards from a monetary losing deck; meanwhile,
the lesion group picked up cards regardless of whether they were cards with monetary
wins or losses. Consequently, reward highly influenced decision-making [112,120,121].

Many researchers have confirmed that the importance of the striatum activity in
reward processing, wherein the components of the striatum such as the caudate nucleus,
nucleus accumbens (NAcc), and putamen play a central role in expectation and evaluation
of reward [115,122,123]. For example, Galvan [124] and Geier, et al. [125] carried out an
experiment to investigate the relationship between reward processing and the striatum.
Their findings revealed that the ventral striatum (VS) has a key role in the prediction of
reward. Jung, et al. [126] found that the rewards, memory, semantics, and attention regions
in the brain were lit up when viewing a combination of a celebrity face and a car, compared
with viewing a combination of a non-celebrity face and a car. In addition, car favourableness
correlated positively with activation in the left anterior-insula, left OFC, and left higher-
order visual cortex in the OL. Padmanabhan, et al. [127] investigated the influence of the
reward system on attention processes. Their findings showed that incentives facilitate
cognitive control. Previous neuroimaging studies demonstrated that rewards activate the
ventral medial prefrontal cortex (vmPFC) and ventral striatum [128–130]. The ventral
striatum has been discussed before as a part of the reward system [131]. Therefore, findings
suggest that neurodevelopmental changes in the striatum systems may contribute to
changes in how reward influences attentional processes [56].

Attention

Attention is defined as the way “people tend to seek, accept and consume the mes-
sages that meet their interests, beliefs, values, expectations and ideas, and overlook the
messages that are incompatible with this system” [132]. It has also been defined as selective
perception [133]. Selective perception is associated with filtering out information and
concentrating on significant information (e.g., different aspects of stimulus or different
stimuli) [134]. For instance, consumers are exposed to nearly 10 million bits of visual
information (e.g., ads, images, sound, video, and colour) per second through their senses
(e.g., eyes, ears, skin) daily. Most input information goes by unnoticed, with consumers
able to process almost 40 bits of input information per second [29,135]. This lead us to infer
that attention has a strong influence on consumer behaviour in how consumers represent,
perceive and process information and thus select and prioritize information. Attentional
and emotional processes are relatively intersected/connected, and emotion is considered
a reliable and effective source for attracting consumers’ attention [136,137]. For example,
the activation in the amygdala (AMY) and cingulate cortex (CC) in the brain is related to
emotional stimuli.

Attention is a significant brain process, which has a central role in measuring the effec-
tiveness of advertising campaigns; thereby, it is an indicator of consumer’s behaviour and
the effectiveness of advertising [138]. According to the literature, the majority of researchers
have agreed on two systems to measure attention toward advertising: (i) bottom-up, and
(ii) top-down, systems [28,139,140]. Bottom-up (visual saliency/exogenous/ involuntary)
attention is the type of attentional system which is initiated by external stimuli such as
colour, voice, promotion, faces, text, novelty, brightness, and so forth, which lead to a
process in which information in external stimuli is received automatically. Top-down (goal-
driven/endogenous/voluntary) attention is the other type of attentional system, which is
initiated by internal and external goals and expectation; thereby, it is necessary to focus all
your mental power toward the goal that you are looking to achieve, thereby filtering goals
to achieve your goals (Figure 4) [2,140,141].
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For this reason, the underlying brain reactions of attention and visual processing are
highly interesting for advertising. Moreover, the anterior cingulate cortex (ACC) is highly
related to the function of top-down and bottom-up attentional systems [142,143]. For exam-
ple, Smith and Gevins [144] found that the occipital lobe (OL) is associated with attentional
processes toward TV advertisements. The EEG investigation of Kong, et al. [145] found
that variation in activity in the cerebral hemisphere related to the cognitive task can help to
determine the success or lack of success of the advertisement. A recent fMRI investigation
by Casado-Aranda, et al. [146] found that the correspondence between advertising and
gender voice (male, female) induces attention regions in the brain. Ananos [147] carried
out experiment using ET to investigate the attention level and processing of information in
advertising (content recognition) among elderly and young people groups. Their findings
revealed that the attention level among both groups was the same, but recognition by the
young-people group was higher than that of the elderly-people group for untraditional
advertising. Guixeres, et al. [51] conducted an experiment to investigate the effectiveness
of an ad (e.g., a recall ad) and the number of views on YouTube channels, using neural net-
works and neuroscience-based metrics (e.g., brain response, ECG, and ET). Their findings
suggest an important relationship between neuroscience metrics and self-report of ad effec-
tiveness (e.g., recall ad) and the number of views on YouTube. Cuesta-Cambra, et al. [148]
investigated how information is processed and learned and how visual attention takes
place. Their findings indicated that the visual activity of men has different patterns from
women, and does not influence subsequent recall, wherein recall relies on the emotional
value of ads and simplicity, while complex ads need more visual fixation and are therefore
hard to remember. In addition, the importance of the playful component of memory and
low-involvement processing were confirmed by EEG. Treleaven-Hassard, et al. [149] exam-
ined the engagement of the consumer with interactive TV ads with a particular brand’s
logo compared with non-interactive TV ads. The findings revealed that brands linked
with interactive ads attract more automatic attention. Boscolo, et al. [81] conducted an
experiment using ET and questionnaires to investigate differences in the visual attention
between genders (male and female), toward print ads. Their findings revealed that there is
difference in visual attention in the case of male, while no differences were noticed in the
case of females.

Perception

According to Simson [150], studies into the perception of value and how it is formed
reflect what is known in marketing theory, wherein the marketing-mix elements can be
changed to influence the perceived value of a product. However, studies on how attention
systems impact consumers’ perception and actions have been limited to consumer report
and behavioural studies, which depend on a rational report; this is not enough to explain
attention processes, wherein there are two attentional systems influencing consumers’
perceptions (e.g., top-down and bottom-up attention system) (Figure 5) [59]. Consumer
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perception is the first step in engagement with marketing stimuli or any other stimuli in
the environment [151]. Hogg, et al. [152] defined perception as “the process by which
marketing stimuli are selected, organised, and interpreted”. Therefore, individuals add
meaning and interpret it in a certain way, which leads to the perceptions of the individual’s
findings for each one. As stated by Belch and Belch [153] perception processing is extremely
reliant on internal processes such as prior knowledge (experiences), current goals, beliefs,
expectations, needs, and moods, and also external stimuli such as colour, orientation, inten-
sity, and movement [59]. Although this explains the process of how consumer perceptions
are formed, the exact the part concerning the explanation of sensations and the internal
and unique assignation of meaning to sensations is what lies concealed, and remains un-
explained in detail in the current consumer-behaviour literature. However, it is widely
believed that this process is driven by the unconscious.
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Cartocci, et al. [154] and Modica, et al. [155] conducted experiments to estimate the
accuracy measurement of the cerebral and emotional perception of social advertising cam-
paigns (i.e., antismoking) using several methods such as EEG, GSR, and ECG. The findings
showed that the antismoking campaign which was characterized by a symbolic communi-
cation style gained the highest approach-values, as evaluated by the approach/withdrawal
index. Meanwhile, an image based on “fear-arousing appeal” and with a narrative style
reported the highest and lowest effort-values index, respectively. The fMRI investigation of
Falk, et al. [156] predicted the out-of-sample (population) effectiveness of quit-smoking ads.
The findings revealed that activity in the prior mPFC was largely predictive of the success
of various advertising campaigns in the real world. Plassmann, et al. [157] carried out an
experiment to study the perception of pleasantness in the taste of wines, using the fMRI
tool. Their findings showed a stronger activation in the medial OFC (mOFC) regions in the
brain when subjects believed they are drinking expensive wine, showing that the mOFC is
responsible for experiencing pleasantness. This led to infer that the pleasantness report was
correlated with perceived value and price of product more than taste itself. Neuroscientists
have found that the OFC and ventromedial prefrontal cortex (vmPFC) are involved in
decision-making, through the perceived value of products [158]. Nuñez-Gomez, et al. [159]
carried out an experiment using EEG to examine how advertising material is perceived
by two groups (e.g., healthy group and group with Asperger syndrome). The findings
revealed that there are large difference between these groups in their perception of emotion
and their attention variables. Gong, et al. [160] carried out an experiment to identify the
influence of sales promotion (e.g., gift-giving, discount) on the perception of consumers
and purchase decisions by using EEG/ERP. The findings revealed that discount promotions
have more impact on purchase decisions than gift-giving sales promotions.
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Memory

Memory is defined as an ongoing learning-process, which has input and output
functions in the brain [161,162]. The input function encodes information, while the output
function retrieves information, and this is very important for advertising research [137,163].
For example, recall and recognition advertising-information is a retrieving function [28].
Myers and DeWall [162] and Atkinson and Shiffrin [163] presented the multistore model
of memory, which includes three steps, as follows: (i) a sensory memory, (ii) short-term
memory (STM), and (iii) long-term memory (LTM) (Figure 6) [164]. Brain processes related
to memory have revealed certain valuable outcomes, as to the factors which influence the
consumers’ behaviour ,such as recall- and recognition-advertising [165]. Input and output
functions in the memory are highly important for marketers and advertisers, due to each
function having an awareness and unawareness aspect in the brain [137,166]. Memory and
emotion are highly connected to each other. For example, previous studies confirmed that
the emotional events are usually remembered more than neutral events, and especially if
emotions correspond to events at that moment [167].
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The memory process has been widely studied, and it has concluded that the hip-
pocampus (HC), located in the temporal lobe (TL), plays a major role in generating and
processing memories [165]. Additionally, activation of the HC has a strong relationship
with LTM and STM, which highly impacts consumers’ purchase decisions [168,169]. In
addition, the AMY is located next and close to the HC, which is significant for the memory
system [165]. For example, the EEG investigation by Rossiter, et al. [170] found that the
left hemisphere is correlated with encoding in the LTM. Similarly, the EEG investigations
by Astolfi, et al. [171] used EEG to determine the brain regions that were triggered by the
successful memory-encoding of TV ads. They found stronger activity in the cortical regions.
Morey [172] investigated the impact of advertising message on recognition memory. The
findings revealed stronger activity in the gamma band, which directly affected memory.
The fMRI investigation by Bakalash and Riemer [173] and Seelig, et al. [174] measured the
brain regions of memory ads. The findings revealed that stronger activity in the amygdala
(AMY) and frontotemporal regions is associated with memorable and unmemorable ads.
Similarly, [175] carried out experiments to investigate the content of ads and the activity
of frontal regions and memory. The findings showed that the content of ads increased the
activity in the frontal regions and the input function (encoding) of memory.

The study of these mental processes such as emotion and feelings, attention, memory,
reward processing, motivation, and perception are highly important considerations for
advertising research.

4. Discussion

A total of 76 articles were extracted and analysed, wherein the content analysis of the
relevant articles revealed that the annual and the accumulative number of publications has
been growing since 2009, reaching its peak in 2020 with twelve empirical articles that used
neuroimaging, physiological, and self-report techniques to study the consumers’ brain
processes such as, but not limited to, emotions toward the stimuli of marketing such as
advertising. We followed the PRISMA protocol to select the relevant empirical articles
for this study as brain processes such as emotions, feelings, motivation, reward, attention,
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and memory need to be considered in advertising research. The findings of the study
revealed that the neuroimaging tool that is used most in studying the brain processes of
consumers is the EEG, with 38 empirical articles, followed by the fMRI with 20 articles; it
was also noticed that only four articles used the fNIRS tool in neuromarketing research.
In addition, for physiological tools, it was observed that five techniques were used in
neuromarketing studies to investigate consumer responses toward the stimuli of marketing
such as advertising. The ET was used in 14 articles alongside neuroimaging tools such as
EEG, wherein ET is the most used tool, followed by GSR with 12 articles; it was also used
alongside other physiological tools such as ECG and EMG. Finally, self-report (i.e., surveys,
interviews, focus groups, and observation) was used in seven articles.

This study found that the brain processes to be considered most in advertising research
are emotions, feelings, attention, memory, perception, approach/withdrawal motivation,
and reward processing. The findings demonstrated that the strongest activity in the inferior-
frontal- and middle-temporal-gyri are associated with pleasure and displeasure, while the
activity in the right superior-temporal and the right middle-frontal-gyrus correlated with
high or low arousal [90]. As well as this, we found the OL connected with the attention
system [144], and the HC, located in the temporal lobe (TL), plays a major role in generating
and processing memories [165]. In addition, the VS, which is located in the basal ganglia
plays a central role in the reward system; for example, the key functions of VS (i.e., control
movement and planning) have a vital role in the reward system, while the components of VS
such as the putamen, caudate nucleus, and nucleus accumbens (NAcc) have a central role
in the assessment of consumer expectations, compared to the actual reward received [123].
In addition, the ventral tegmental region is considered a part of the reward system, which
passes the neurotransmitter dopamine to other brain areas, thereby affecting goal-seeking
behaviour [123]. For motivation, it was found that the anterior cerebral hemispheres play a
central role in withdrawal and approach motivation; for example, the increase in activation
in the right PFC is linked to withdrawal behaviour, while the increase in activation in the
left PFC is associated with approach behaviour [105,176]. Finally, in accordance with the
literature, it was found that the OFC and vmPFC regions play vital roles in perception (i.e.,
perceived value) [158].

5. Conclusions and Implications

Implication of the research findings for theory and practice: Theoretically, the current
findings can be divided into three areas, as follows: firstly, neuroscientific techniques and
methods enable the capture/measurement of the activity signals of the brain and body re-
lating to consumers’ responses (e.g., emotions and feelings, attention, memory, perception,
reward processing, and motivation) toward advertising campaigns. For example, neu-
roimaging tools (e.g., fMRI, EEG/ERP, fNIRS) enable the recording of the neural signals of
the mental responses (e.g., pleasure/displeasure, low/high arousal, advertising recall and
recognition) toward advertising, which can be beneficial for advertisers and marketers in
creating more effective advertising campaigns to attract, captivate, and impact consumers.
Meanwhile, physiological tools (e.g., ET, GSR, EMG, and ECG) enable researchers to gauge
the physiological reactions of the consumer, such as pupil dilation, fixation, eye movements,
saccade, heart rate, blood pressure, sweating level, and reaction time toward advertising.
Secondly, neuroimaging and physiological tools will help advertisers and scholars to iden-
tify the weak elements in advertising which lead to withdrawal behaviour and to address
these, besides identifying the strengths which lead to approach behaviour, and to enhance
them. Thirdly, many articles have concentrated on detecting the neural and physiological
responses of emotions, feelings, attention, memory, reward processing, motivation and
perception toward advertising such as the presenter’s features (i.e., celebrity), because these
processes play a key role in the decision-making of consumers (i.e., purchasing decisions).
Additionally, some advertising research concentrated on gender voice (i.e., male, female),
ads appeal, faces of celebrity, social campaigns (i.e., using seat belts in the car), and public
health (i.e., anti-smoking campaigns). These areas can provide a reasonable explanation of
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the neural and physiological correlates of emotions and feelings (e.g., pleasure/displeasure,
high/low arousal), attention (e.g., top-down, bottom-up), memory (e.g., encoding, retriev-
ing), motivation (e.g., approach/withdrawal), reward processing, and perception (e.g.,
perceived value of ads) to be considered in advertising research. Thus, an application
of this research perhaps offers reasonable explanations of how advertising works in con-
sumers’ minds, and the relationship between the neural correlates of consumers’ brain
and physiological responses toward advertising, thereby better understanding consumers’
behaviour, which leads to the creation of more attractive advertising for political, social
and business sectors.

General Conclusion: Neuromarketing is a promising field, not only to study and solve
the commercial issues such as the weaknesses of advertising campaigns and to reduce the
wastage of advertising budgets, but also to create more effective advertising campaigns
in social, political, and public-health sectors, in order to increase human awareness. In
today’s hyper-competitive environments among advertising agencies, each agency seeks
to find the most beneficial methods to beat competitors and be the first priorities in the
consumer’s mind. Thus, advertisers have adopted neuroscientific methods in their research
to study, analyse, and predict the neural and physiological responses of consumers toward
the stimuli of marketing (i.e., advertising), thereby identifying the most important mental
and physiological responses to be considered in advertising research to raise advertising
effectiveness. Most studies in advertising research have determined the main mental
processes of interest for advertising research, such as emotions and feelings, attention,
memory, reward processing, motivation, and perception.

The findings of the study suggest that neuroscientific methods and techniques are
significant to gauge the brain and physiological reactions of consumers toward the stimuli
of marketing, such as advertising research. For example, neuroimaging tools are able to
gauge the neural-activity signals of the consumer’s brain. At the same time, physiological
tools can gauge physiological reactions such as eye movements, sweating level, and fixation.

6. Limitations and Future Directions

This paper tried to minimize the limitations in methodology; however, some limita-
tions occurred and provided several directions for further research. This research concen-
trated on the English articles that were published in open-access journals from 2009 to 2020
and were listed in the WOS database. Therefore, this paper overlooked non-English articles,
non-open-access articles, and other documents such as books, review papers, conference
proceedings, and so forth. Thus, this paper is not free of bias. For future directions, we hope
to overcome the obstacles in the future, which include the cost of research and techniques,
lack of labs and facilities, use of time (e.g., data interpretation, recruiting participants,
and so forth), and increased investment and funding in neuromarketing research and
technique [177]. We encourage researchers and marketers from emerging countries to enter
this embryonic field and leave their footprint by publishing articles for future works. In
addition, we suggest that researchers and scholars identify the influence of advertising
on consumers persuasion, engagement, and excitement, as well as the contributions of
neuromarketing research to various domains (e.g., social sciences, public health, politics,
and stock exchanges). We believe that this review study provides a profound overview
of the global academic-trends in neuromarketing research, using the neuroimaging and
physiological studies in advertising to study the brain processes of consumers. Thus, it
provides valuable and reliable insights into the appropriate brain processes to be considered
in future research.
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9. Bočková, K.; Škrabánková, J.; Hanák, M. Theory and practice of neuromarketing: Analyzing human behavior in relation to

markets. Emerg. Sci. J. 2021, 5, 44–56. [CrossRef]
10. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R.; Alharthi, R.H.E. Neuromarketing research in the last five years: A bibliometric

analysis. Cogent Bus. Manag. 2021, 8, 1978620. [CrossRef]
11. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R.; Abuhassna, H.; Alharthi, R.H.E. A global research trends of neuromarketing:

2015–2020. Rev. Comun. 2022, 21, 15–32. [CrossRef]
12. To, A.T.; Tran, T.S.; Nguyen, K.O.; Thai, K.P. Applying Conflict Management Styles to Resolve Task Conflict and Enhance Team

Innovation. Emerg. Sci. J. 2021, 5, 667–677. [CrossRef]
13. Ramsoy, T.Z. Introduction to Neuromarketing & Consumer Neuroscience; Neurons Inc.: Rørvig, Denmark, 2015.
14. Izhikevich, E.M. Simple model of spiking neurons. IEEE Trans. Neural Netw. 2003, 14, 1569–1572. [CrossRef] [PubMed]
15. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R. Neuromarketing: The popularity of the brain-imaging and physiological tools.

Neurosci. Res. Notes 2021, 3, 13–22. [CrossRef]
16. Dimpfel, W. Neuromarketing: Neurocode-tracking in combination with eye-tracking for quantitative objective assessment of TV

commercials. J. Behav. Brain Sci. 2015, 5, 137. [CrossRef]
17. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R. Neuromarketing: Marketing research in the new millennium. Neurosci. Res. Notes

2021, 4, 27–35. [CrossRef]
18. Alsharif, A.H.; Salleh, N.Z.M.; Ahmad, W.A.b.W.; Khraiwish, A. Biomedical Technology in Studying Consumers’ Subconscious

Behavior. Int. J. Online Biomed. Eng. 2022, 18, 98–114. [CrossRef]
19. McClure, S.M.; Li, J.; Tomlin, D.; Cypert, K.S.; Montague, L.M.; Montague, P.R. Neural correlates of behavioral preference for

culturally familiar drinks. Neuron 2004, 44, 379–387. [CrossRef]
20. Strozzi, F.; Colicchia, C.; Creazza, A.; Noè, C. Literature review on the ‘Smart Factory’concept using bibliometric tools. Int. J. Prod.

Res. 2017, 55, 6572–6591. [CrossRef]
21. Moher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. Preferred reporting items for

systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef]
22. Abuhassna, H.; Awae, F.; Bayoumi, K.; Alzitawi, D.U.; Alsharif, A.H.; Yahaya, N. Understanding Online Learning Readiness

among University Students: A Bibliometric Analysis. iJIM 2022, 16, 81. [CrossRef]
23. Alsharif, A.H.; Salleh, N.Z.M.; Linares, P.; Abbas, A.F.; Ali, J. Current Trends in the Application of EEG in Neuromarketing: A

Bibliometric Analysis. Sci. Ann. Econ. Bus. 2022, 69, 393–415. [CrossRef]
24. Ali, J.; Jusoh, A.; Idris, N.; Abbas, A.F.; Alsharif, A.H. Everything is Going Electronic, so do Services and Service Quality:

Bibliometric Analysis of E-Services and E-Service Quality. Int. J. Interact. Mob. Technol. 2021, 15, 148–166. [CrossRef]

http://doi.org/10.1016/j.jbusres.2012.09.022
http://doi.org/10.47750/cibg.2021.27.03.048
http://doi.org/10.1002/cb.1710
http://doi.org/10.1186/1471-2377-13-13
http://doi.org/10.5296/jmr.v6i2.5446
http://doi.org/10.1038/nrn3354
http://doi.org/10.28991/esj-2021-01256
http://doi.org/10.1080/23311975.2021.1978620
http://doi.org/10.26441/RC21.1-2022-A1
http://doi.org/10.28991/esj-2021-01303
http://doi.org/10.1109/TNN.2003.820440
http://www.ncbi.nlm.nih.gov/pubmed/18244602
http://doi.org/10.31117/neuroscirn.v3i5.80
http://doi.org/10.4236/jbbs.2015.54014
http://doi.org/10.31117/neuroscirn.v4i3.79
http://doi.org/10.3991/ijoe.v18i08.31959
http://doi.org/10.1016/j.neuron.2004.09.019
http://doi.org/10.1080/00207543.2017.1326643
http://doi.org/10.1186/2046-4053-4-1
http://doi.org/10.3991/ijim.v16i13.30605
http://doi.org/10.47743/saeb-2022-0020
http://doi.org/10.3991/ijim.v15i18.24519


Behav. Sci. 2022, 12, 472 16 of 21

25. Ali, J.; Jusoh, A.; Idris, N.; Abbas, A.F.; Alsharif, A.H. Nine Years of Mobile Healthcare Research: A Bibliometric Analysis. Int. J.
Online Biomed. Eng. 2021, 17, 144–159. [CrossRef]

26. Saha, V.; Mani, V.; Goyal, P. Emerging trends in the literature of value co-creation: A bibliometric analysis. Benchmarking Int. J.
2020, 27, 981–1002. [CrossRef]

27. Morris, J.D.; Klahr, N.J.; Shen, F.; Villegas, J.; Wright, P.; He, G.J.; Li, Y.J. Mapping a multidimensional emotion in response to
television commercials. Hum. Brain Mapp. 2009, 30, 789–796. [CrossRef]

28. Venkatraman, V.; Dimoka, A.; Pavlou, P.A.; Vo, K.; Hampton, W.; Bollinger, B.; Hershfield, H.E.; Ishihara, M.; Winer, R.S.
Predicting advertising success beyond traditional measures: New insights from neurophysiological methods and market response
modeling. J. Mark. Res. 2015, 52, 436–452. [CrossRef]

29. Cherubino, P.; Martinez-Levy, A.C.; Caratu, M.; Cartocci, G.; Di Flumeri, G.; Modica, E.; Rossi, D.; Mancini, M.; Trettel, A.
Consumer behaviour through the eyes of neurophysiological measures: State of the art and future trends. Comput. Intell. Neurosci.
2019, 2019, 1976847. [CrossRef]

30. García-Madariaga, J.; Moya, I.; Recuero, N.; Blasco, M.-F. Revealing unconscious consumer reactions to advertisements that
include visual metaphors: A neurophysiological experiment. Front. Psychol. 2020, 11, 760–776. [CrossRef]

31. Eijlers, E.; Boksem, M.A.S.; Smidts, A. Measuring neural arousal for advertisements and its relationship with advertising success.
Front. Neurosci. 2020, 14, 736–748. [CrossRef]

32. Wei, Z.; Wu, C.; Wang, X.Y.; Supratak, A.; Wang, P.; Guo, Y.K. Using Support Vector Machine on EEG for Advertisement Impact
Assessment. Front. Neurosci. 2018, 12, 12. [CrossRef]

33. Silverman, D. The anterior temporal electrode and the ten-twenty system. Am. J. EEG Technol. 1965, 5, 11–14. [CrossRef]
34. Rawnaque, F.; Rahman, M.; Anwar, S.M.; Vaidyanathan, R.; Chau, T.; Sarker, F.; Al Mamun, A. Technological advancements and

opportunities in Neuromarketing: A systematic review. Brain Inform. 2020, 7, 10. [CrossRef] [PubMed]
35. Aditya, D.; Sarno, R. Neuromarketing: State of the arts. Adv. Sci. Lett. 2018, 24, 9307–9310. [CrossRef]
36. Burle, B.; Spieser, L.; Roger, C.; Casini, L.; Hasbroucq, T.; Vidal, F. Spatial and temporal resolutions of EEG: Is it really black and

white? A scalp current density view. Int. J. Psychophysiol. 2015, 97, 210–220. [CrossRef] [PubMed]
37. Bazzani, A.; Ravaioli, S.; Trieste, L.; Faraguna, U.; Turchetti, G. Is EEG Suitable for Marketing Research? A Systematic Review.

Front. Neurosci. 2020, 14, 594566. [CrossRef] [PubMed]
38. Morin, C. Neuromarketing: The new science of consumer behavior. Society 2011, 48, 131–135. [CrossRef]
39. Ernst, L.H.; Plichta, M.M.; Lutz, E.; Zesewitz, A.K.; Tupak, S.V.; Dresler, T.; Ehlis, A.-C.; Fallgatter, A.J. Prefrontal activation

patterns of automatic and regulated approach–avoidance reactions–A functional near-infrared spectroscopy (fNIRS) study. Cortex
2013, 49, 131–142. [CrossRef]

40. Qing, K.; Huang, R.; Hong, K.-S. Decoding three different preference levels of consumers using convolutional neural network: A
functional near-infrared spectroscopy study. Front. Hum. Neurosci. 2021, 14, 597864. [CrossRef]

41. Gier, N.R.; Strelow, E.; Krampe, C. Measuring dlPFC Signals to Predict the Success of Merchandising Elements at the Point-of-
Sale—A fNIRS Approach. Front. Neurosci. 2020, 14, 575494. [CrossRef]

42. Sitaram, R.; Caria, A.; Birbaumer, N. Hemodynamic brain–computer interfaces for communication and rehabilitation. Neural
Netw. 2009, 22, 1320–1328. [CrossRef]

43. Kopton, I.M.; Kenning, P. Near-infrared spectroscopy (NIRS) as a new tool for neuroeconomic research. Front. Hum. Neurosci.
2014, 8, 549–562. [CrossRef] [PubMed]

44. Lloyd-Fox, S.; Blasi, A.; Elwell, C. Illuminating the developing brain: The past, present and future of functional near infrared
spectroscopy. Neurosci. Biobehav. Rev. 2010, 34, 269–284. [CrossRef] [PubMed]

45. Plichta, M.M.; Gerdes, A.B.; Alpers, G.W.; Harnisch, W.; Brill, S.; Wieser, M.J.; Fallgatter, A.J. Auditory cortex activation is
modulated by emotion: A functional near-infrared spectroscopy (fNIRS) study. Neuroimage 2011, 55, 1200–1207. [CrossRef]

46. Jackson, P.A.; Kennedy, D.O. The application of near infrared spectroscopy in nutritional intervention studies. Front. Hum.
Neurosci. 2013, 7, 473–479. [CrossRef] [PubMed]

47. Hoffman, J. Visual attention and eye movements. Attention 1998, 31, 119–153.
48. Rayner, K. Eye movements and attention in reading, scene perception, and visual search. Q. J. Exp. Psychol. 2009, 62, 1457–1506.

[CrossRef] [PubMed]
49. Zurawicki, L. Neuromarketing: Exploring the Brain of the Consumer; Springer Science & Business Media: Boston, MA, USA, 2010.

[CrossRef]
50. Baraybar-Fernández, A.; Baños-González, M.; Barquero-Pérez, Ó.; Goya-Esteban, R.; De-la-Morena-Gómez, A. Evaluation of

emotional responses to television advertising through neuromarketing. Comunicar 2017, 25, 19–28. [CrossRef]
51. Guixeres, J.; Bigné, E.; Ausín Azofra, J.M.; Alcañiz Raya, M.; Colomer Granero, A.; Fuentes Hurtado, F.; Naranjo Ornedo, V.

Consumer neuroscience-based metrics predict recall, liking and viewing rates in online advertising. Front. Psychol. 2017, 8, 1808.
[CrossRef]

52. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R.; Mehdi, S. Neuromarketing approach: An overview and future research directions.
J. Theor. Appl. Inf. Technol. 2020, 98, 991–1001.

53. Barquero-Pérez, Ó.; Cámara-Vázquez, M.A.; Vadillo-Valderrama, A.; Goya-Esteban, R. Autonomic Nervous System and Recall
Modeling in Audiovisual Emotion-Mediated Advertising Using Partial Least Squares-Path Modeling. Front. Psychol. 2020, 11,
576771–576781. [CrossRef]

http://doi.org/10.3991/ijoe.v17i10.25243
http://doi.org/10.1108/BIJ-07-2019-0342
http://doi.org/10.1002/hbm.20544
http://doi.org/10.1509/jmr.13.0593
http://doi.org/10.1155/2019/1976847
http://doi.org/10.3389/fpsyg.2020.00760
http://doi.org/10.3389/fnins.2020.00736
http://doi.org/10.3389/fnins.2018.00076
http://doi.org/10.1080/00029238.1965.11080641
http://doi.org/10.1186/s40708-020-00109-x
http://www.ncbi.nlm.nih.gov/pubmed/32955675
http://doi.org/10.1166/asl.2018.12261
http://doi.org/10.1016/j.ijpsycho.2015.05.004
http://www.ncbi.nlm.nih.gov/pubmed/25979156
http://doi.org/10.3389/fnins.2020.594566
http://www.ncbi.nlm.nih.gov/pubmed/33408608
http://doi.org/10.1007/s12115-010-9408-1
http://doi.org/10.1016/j.cortex.2011.09.013
http://doi.org/10.3389/fnhum.2020.597864
http://doi.org/10.3389/fnins.2020.575494
http://doi.org/10.1016/j.neunet.2009.05.009
http://doi.org/10.3389/fnhum.2014.00549
http://www.ncbi.nlm.nih.gov/pubmed/25147517
http://doi.org/10.1016/j.neubiorev.2009.07.008
http://www.ncbi.nlm.nih.gov/pubmed/19632270
http://doi.org/10.1016/j.neuroimage.2011.01.011
http://doi.org/10.3389/fnhum.2013.00473
http://www.ncbi.nlm.nih.gov/pubmed/23964231
http://doi.org/10.1080/17470210902816461
http://www.ncbi.nlm.nih.gov/pubmed/19449261
http://doi.org/10.1007/978-3-540-77829-5
http://doi.org/10.3916/C52-2017-02
http://doi.org/10.3389/fpsyg.2017.01808
http://doi.org/10.3389/fpsyg.2020.576771


Behav. Sci. 2022, 12, 472 17 of 21

54. Boucsein, W. Electrodermal Activity; Springer Science & Business Media: Boston, MA, USA, 2012.
55. Salichs, M.A.; Barber, R.; Khamis, A.M.; Malfaz, M.; Gorostiza, J.F.; Pacheco, R.; Rivas, R.; Corrales, A.; Delgado, E.; García,

D. Maggie: A robotic platform for human-robot social interaction. In Proceedings of the 2006 IEEE Conference on Robotics,
Automation and Mechatronics, Luoyang, China, 25–28 June 2006; pp. 1–7.

56. Dolcos, F.; Katsumi, Y.; Moore, M.; Berggren, N.; de Gelder, B.; Derakshan, N.; Hamm, A.O.; Koster, E.H.; Ladouceur, C.D.;
Okon-Singer, H. Neural Correlates of Emotion-Attention Interactions: From Perception, Learning and Memory to Individual
Differences and Training Interventions. Neurosci. Biobehav. Rev. 2019, 108, 559–601. [CrossRef] [PubMed]

57. Siddharthan, A.; Cherbuin, N.; Eslinger, P.J.; Kozlowska, K.; Murphy, N.A.; Lowe, L. WordNet-feelings: A linguistic categorisation
of human feelings. arXiv 2018, preprint. arXiv:1811.02435.

58. Pham, M.T.; Geuens, M.; De Pelsmacker, P. The influence of ad-evoked feelings on brand evaluations: Empirical generalizations
from consumer responses to more than 1000 TV commercials. Int. J. Res. Mark. 2013, 30, 383–394. [CrossRef]

59. Ramsoy, T. An Introduction to Consumer Neuroscience & Neuromarketing. Available online: https://www.coursera.org/learn/
neuromarketing/lecture/FTWBU/introduction-to-this-course (accessed on 29 March 2022).

60. Gordon, W. What do consumers do emotionally with advertising? J. Advert. Res. 2006, 46, 2–10. [CrossRef]
61. Winkielman, P.; Berntson, G.G.; Cacioppo, J.T. The Psychophysiological Perspective on the Social Mind; Blackwell: Hoboken, NJ, USA,

2008; pp. 89–108.
62. Barrett, L.F.; Satpute, A.B. Large-scale brain networks in affective and social neuroscience: Towards an integrative functional

architecture of the brain. Curr. Opin. Neurobiol. 2013, 23, 361–372. [CrossRef] [PubMed]
63. Damasio, A.R. The Feeling of What Happens: Body and Emotion in the Making of Consciousness; Houghton Mifflin Harcourt: Boston,

MA, USA, 1999.
64. Damasio, A.; Carvalho, G.B. The nature of feelings: Evolutionary and neurobiological origins. Nat. Rev. Neurosci. 2013, 14,

143–152. [CrossRef]
65. LeDoux, J.E.; Brown, R. A higher-order theory of emotional consciousness. Proc. Natl. Acad. Sci. USA 2017, 114. [CrossRef]
66. Reimann, M.; Bechara, A. The somatic marker framework as a neurological theory of decision-making: Review, conceptual

comparisons, and future neuroeconomics research. J. Econ. Psychol. 2010, 31, 767–776. [CrossRef]
67. Damasio, A.R. Self Comes to Mind: Constructing the Conscious Brain; Pantheon-Random House: New York, NY, USA, 2012.
68. Posner, J.; Russell, J.A.; Peterson, B.S. The circumplex model of affect: An integrative approach to affective neuroscience, cognitive

development, and psychopathology. Dev. Psychopathol. 2005, 17, 715–734. [CrossRef]
69. Alsharif, A.H.; Salleh, N.Z.M.; Baharun, R.; Alharthi, R.H.E.; Mansor, A.A.; Ali, J.; Abbas, A.F. Neuroimaging Techniques in

Advertising Research: Main Applications, Development, and Brain Regions and Processes. Sustainability 2021, 13, 6488. [CrossRef]
70. Lang, P.J.; Bradley, M.M.; Cuthbert, B.N. Motivated attention: Affect, activation, and action. Atten. Orienting Sens. Motiv. Process.

1997, 97, 135.
71. Russell, J.A.; Barrett, L.F. Core affect, prototypical emotional episodes, and other things called emotion: Dissecting the elephant.

J. Personal. Soc. Psychol. 1999, 76, 805. [CrossRef] [PubMed]
72. Sundar, S.S.; Kalyanaraman, S. Arousal, memory, and impression-formation effects of animation speed in web advertising.

J. Advert. 2004, 33, 7–17. [CrossRef]
73. Lajante, M.; Droulers, O.; Derbaix, C.; Poncin, I. Looking at aesthetic emotions in advertising research through a psychophysio-

logical perspective. Front. Psychol. 2020, 11, 2544. [CrossRef] [PubMed]
74. Herrador, J.L.M.; Núñez-Cansado, M.; Cárion, M.I.V. Neuromarketing methodology: Sociograph measurement applied to the

analysis of the erotic audiovisual narrative and its applications to the marketing strategy. Vivat Acad. 2020, 23, 131–154.
75. Grigaliunaite, V.; Pileliene, L. Emotional or rational? The determination of the influence of advertising appeal on advertising

effectiveness. Sci. Ann. Econ. Bus. 2016, 63, 391–414. [CrossRef]
76. Pileliene, L.; Grigaliunaite, V. Relationship between spokesperson’s gender and advertising color temperature in a framework of

advertising effectiveness. Sci. Ann. Econ. Bus. 2017, 64, 1–13. [CrossRef]
77. Grigaliunaite, V.; Pileliene, L. Attitude toward smoking: The effect of negative smoking-related pictures. Oecon. Copernic. 2017, 8,

317–328. [CrossRef]
78. Pileliene, L.; Grigaliunaite, V. The effect of female celebrity spokesperson in FMCG advertising: Neuromarketing approach.

J. Consum. Mark. 2017, 34, 202–213. [CrossRef]
79. Crespo-Pereira, V.; Martínez-Fernández, V.-A.; Campos-Freire, F. Neuroscience for Content Innovation on European Public

Service Broadcasters. Comun. Media Educ. Res. J. 2017, 25, 9–18. [CrossRef]
80. Banos-González, M.; Baraybar-Fernández, A.; Rajas-Fernández, M. The Application of Neuromarketing Techniques in the Spanish

Advertising Industry: Weaknesses and Opportunities for Development. Front. Psychol. 2020, 11, 2175. [CrossRef] [PubMed]
81. Boscolo, J.C.; Oliveira, J.H.C.; Maheshwari, V.; Giraldi, J.D.E. Gender differences: Visual attention and attitude toward advertise-

ments. Mark. Intell. Plan. 2020, 39, 300–314. [CrossRef]
82. Silberstein, R.B.; Nield, G.E. Measuring emotion in advertising research: Prefrontal brain activity. IEEE Pulse 2012, 3, 24–27.

[CrossRef] [PubMed]
83. Vecchiato, G.; Astolfi, L.; Fallani, F.D.V.; Cincotti, F.; Mattia, D.; Salinari, S.; Soranzo, R.; Babiloni, F. Changes in brain activity

during the observation of TV commercials by using EEG, GSR and HR measurements. Brain Topogr. 2010, 23, 165–179. [CrossRef]

http://doi.org/10.1016/j.neubiorev.2019.08.017
http://www.ncbi.nlm.nih.gov/pubmed/31446010
http://doi.org/10.1016/j.ijresmar.2013.04.004
https://www.coursera.org/learn/neuromarketing/lecture/FTWBU/introduction-to-this-course
https://www.coursera.org/learn/neuromarketing/lecture/FTWBU/introduction-to-this-course
http://doi.org/10.2501/S0021849906060028
http://doi.org/10.1016/j.conb.2012.12.012
http://www.ncbi.nlm.nih.gov/pubmed/23352202
http://doi.org/10.1038/nrn3403
http://doi.org/10.1073/pnas.1619316114
http://doi.org/10.1016/j.joep.2010.03.002
http://doi.org/10.1017/S0954579405050340
http://doi.org/10.3390/su13116488
http://doi.org/10.1037/0022-3514.76.5.805
http://www.ncbi.nlm.nih.gov/pubmed/10353204
http://doi.org/10.1080/00913367.2004.10639152
http://doi.org/10.3389/fpsyg.2020.553100
http://www.ncbi.nlm.nih.gov/pubmed/33101125
http://doi.org/10.1515/saeb-2016-0130
http://doi.org/10.1515/saeb-2017-0036
http://doi.org/10.24136/oc.v8i2.20
http://doi.org/10.1108/JCM-02-2016-1723
http://doi.org/10.3916/C52-2017-01
http://doi.org/10.3389/fpsyg.2020.02175
http://www.ncbi.nlm.nih.gov/pubmed/33013560
http://doi.org/10.1108/MIP-11-2019-0598
http://doi.org/10.1109/MPUL.2012.2189172
http://www.ncbi.nlm.nih.gov/pubmed/22678836
http://doi.org/10.1007/s10548-009-0127-0


Behav. Sci. 2022, 12, 472 18 of 21

84. Vecchiato, G.; Kong, W.; Giulio Maglione, A.; Wei, D. Understanding the impact of TV commercials. IEEE Pulse 2012, 3, 42–49.
[CrossRef] [PubMed]

85. Vecchiato, G.; Maglione, A.G.; Cherubino, P.; Wasikowska, B.; Wawrzyniak, A.; Latuszynska, A.; Latuszynska, M.; Nermend, K.;
Graziani, I.; Leucci, M.R. Neurophysiological tools to investigate consumer’s gender differences during the observation of TV
commercials. Comput. Math. Methods Med. 2014, 2014, 912981. [CrossRef]

86. Harris, J.; Ciorciari, J.; Gountas, J. Consumer neuroscience and digital/social media health/social cause advertisement effective-
ness. Behav. Sci. 2019, 9, 25. [CrossRef]

87. Chen, Y.; Fowler, C.H.; Papa, V.B.; Lepping, R.J.; Brucks, M.G.; Fox, A.T.; Martin, L.E. Adolescents’ behavioral and neural
responses to e-cigarette advertising. Addict. Biol. 2018, 23, 761–771. [CrossRef]

88. Wang, R.W.; Chang, Y.-C.; Chuang, S.-W. EEG spectral dynamics of video commercials: Impact of the narrative on the branding
product preference. Sci. Rep. 2016, 6, 36487–36498. [CrossRef]

89. Royo González, M.; Chulvi, V.; Mulet, E. Users’ Reactions Captured by Means of an EEG Headset on Viewing the Presentation of
Sustainable Designs Using Verbal Narrative. Eur. J. Mark. 2018, 52, 159–181. [CrossRef]

90. Shen, F.; Morris, J.D. Decoding neural responses to emotion in television commercials. J. Advert. Res. 2016, 56, 11–28. [CrossRef]
91. Leanza, F. Consumer neuroscience: The traditional and VR TV commercial. Neuropsychol. Trends 2017, 21, 81–90. [CrossRef]
92. Ramsoy, T.Z.; Michael, N.; Michael, I. A consumer neuroscience study of conscious and subconscious destination preference.

Sci. Rep. 2019, 9, 15102. [CrossRef]
93. Shestyuk, A.Y.; Kasinathan, K.; Karapoondinott, V.; Knight, R.T.; Gurumoorthy, R. Individual EEG measures of attention, memory,

and motivation predict population level TV viewership and Twitter engagement. PLoS ONE 2019, 14, e0214507. [CrossRef]
[PubMed]

94. Wang, P.; Wang, S.; Peng, D.; Chen, L.; Wu, C.; Wei, Z.; Childs, P.; Guo, Y.; Li, L. Neurocognition-inspired design with machine
learning. Des. Sci. 2020, 6, e33–e52. [CrossRef]

95. Kim, Y.; Park, K.; Kim, Y.; Yang, W.; Han, D.-u.; Kim, W.-S. The Impact of Visual Art and High Affective Arousal on Heuristic
Decision-Making in Consumers. Front. Psychol. 2020, 11, 2994. [CrossRef]

96. Mengual-Recuerda, A.; Tur-Viñes, V.; Juárez Varón, D. Neuromarketing in haute cuisine gastronomic experiences. Front. Psychol.
2020, 11, 1772. [CrossRef]

97. Lang, P.J.; Bradley, M.M. Cortex-reflex connections appetitive and defensive motivation is the substrate of emotion. In Handbook
of Approach and Avoidance Motivation; Psychology Press: London, UK, 2008; pp. 51–65.

98. Chiew, K.S.; Braver, T.S. Positive affect versus reward: Emotional and motivational influences on cognitive control. Front. Psychol.
2011, 2, 279. [CrossRef]

99. Pessoa, L. The Cognitive-Emotional Brain: From Interactions to Integration; MIT press: London, UK, 2013.
100. Chiew, K.S.; Braver, T.S. Reward favors the prepared: Incentive and task-informative cues interact to enhance attentional control.

J. Exp. Psychol. Hum. Percept. Perform. 2016, 42, 52. [CrossRef]
101. Anderson, B.A.; Laurent, P.A.; Yantis, S. Reward predictions bias attentional selection. Front. Hum. Neurosci. 2013, 7, 262.

[CrossRef]
102. Pessoa, L. Attention, Motivation, and Emotion; Oxford: London, UK, 2014.
103. Raymond, J. Interactions of attention, emotion and motivation. Prog. Brain Res. 2009, 176, 293–308. [PubMed]
104. Higgins, E.T. Promotion and prevention: Regulatory focus as a motivational principle. In Advances in Experimental Social

Psychology; Elsevier: Amsterdam, The Netherlands, 1998; Volume 30, pp. 1–46.
105. Cherubino, P.; Maglione, A.G.; Graziani, I.; Trettel, A.; Vecchiato, G.; Babiloni, F. Measuring cognitive and emotional processes in

retail: A neuroscience perspective. In Successful Technological Integration for Competitive Advantage in Retail Settings; IGI Global:
Hershey, PA, USA, 2015; pp. 76–92.

106. Pozharliev, R.; Verbeke, W.J.; van Strien, J.W.; Bagozzi, R.P. Merely being with you increases my attention to luxury products:
Using EEG to understand consumers’ emotional experience with luxury branded products. J. Mark. Res. 2015, 52, 546–558.
[CrossRef]

107. Zhang, W.; Jin, J.; Wang, A.; Ma, Q.; Yu, H. Consumers’ Implicit Motivation of Purchasing Luxury Brands: An EEG Study. Psychol.
Res. Behav. Manag. 2019, 12, 913–929. [CrossRef]

108. Bosshard, S.S.; Bourke, J.D.; Kunaharan, S.; Koller, M.; Walla, P. Established liked versus disliked brands: Brain activity, implicit
associations and explicit responses. Cogent Psychol. 2016, 3, 1–16. [CrossRef]

109. Davidson, R.J.; Ekman, P.; Saron, C.D.; Senulis, J.A.; Friesen, W.V. Approach-withdrawal and cerebral asymmetry: Emotional
expression and brain physiology: I. J. Personal. Soc. Psychol. 1990, 58, 330. [CrossRef]

110. Bahrabad, M.R.; Farrokhian, S. The Effect of Personality on Purchase Decisions Based on New Freud’s Theories and Behavioral
Theory in Mashhad. Int. J. Manag. Account. Econ. 2017, 4, 226–237.

111. Di Flumeri, G.; Herrero, M.T.; Trettel, A.; Cherubino, P.; Maglione, A.G.; Colosimo, A.; Moneta, E.; Peparaio, M.; Babiloni, F.
EEG frontal asymmetry related to pleasantness of olfactory stimuli in young subjects. In Selected Issues in Experimental Economics;
Springer: Berlin/Heidelberg, Germany, 2016; pp. 373–381. [CrossRef]

112. Case, J.A.; Olino, T.M. Approach and avoidance patterns in reward learning across domains: An initial examination of the Social
Iowa Gambling Task. Behav. Res. Ther. 2020, 125, 103547. [CrossRef]

http://doi.org/10.1109/MPUL.2012.2189171
http://www.ncbi.nlm.nih.gov/pubmed/22678840
http://doi.org/10.1155/2014/912981
http://doi.org/10.3390/bs9040042
http://doi.org/10.1111/adb.12510
http://doi.org/10.1038/srep36487
http://doi.org/10.1108/EJM-12-2016-0837
http://doi.org/10.2501/JAR-2016-016
http://doi.org/10.7358/neur-2017-021-lean
http://doi.org/10.1038/s41598-019-51567-1
http://doi.org/10.1371/journal.pone.0214507
http://www.ncbi.nlm.nih.gov/pubmed/30921406
http://doi.org/10.1017/dsj.2020.23
http://doi.org/10.3389/fpsyg.2020.565829
http://doi.org/10.3389/fpsyg.2020.01772
http://doi.org/10.3389/fpsyg.2011.00279
http://doi.org/10.1037/xhp0000129
http://doi.org/10.3389/fnhum.2013.00262
http://www.ncbi.nlm.nih.gov/pubmed/19733764
http://doi.org/10.1509/jmr.13.0560
http://doi.org/10.2147/PRBM.S215751
http://doi.org/10.1080/23311908.2016.1176691
http://doi.org/10.1037/0022-3514.58.2.330
http://doi.org/10.1007/978-3-319-28419-4_23
http://doi.org/10.1016/j.brat.2019.103547


Behav. Sci. 2022, 12, 472 19 of 21

113. Knutson, B.; Adams, C.M.; Fong, G.W.; Hommer, D. Anticipation of increasing monetary reward selectively recruits nucleus
accumbens. J. Neurosci. 2001, 21, RC159. [CrossRef]

114. Berridge, K.C. Food reward: Brain substrates of wanting and liking. Neurosci. Biobehav. Rev. 1996, 20, 1–25. [CrossRef]
115. Lehner, R.; Balsters, J.H.; Herger, A.; Hare, T.A.; Wenderoth, N. Monetary, food, and social rewards induce similar Pavlovian-to-

instrumental transfer effects. Front. Behav. Neurosci. 2017, 10, 247. [CrossRef]
116. Gilbert, A.M.; Fiez, J.A. Integrating rewards and cognition in the frontal cortex. Cogn. Affect. Behav. Neurosci. 2004, 4, 540–552.

[CrossRef] [PubMed]
117. Anderson, B.A. The attention habit: How reward learning shapes attentional selection. Ann. N. Y. Acad. Sci. 2016, 1369, 24–39.

[CrossRef] [PubMed]
118. Krawczyk, D.C.; Gazzaley, A.; D’Esposito, M. Reward modulation of prefrontal and visual association cortex during an incentive

working memory task. Brain Res. 2007, 1141, 168–177. [CrossRef] [PubMed]
119. Bechara, A.; Damasio, A.R.; Damasio, H.; Anderson, S.W. Insensitivity to future consequences following damage to human

prefrontal cortex. Cognition 1994, 50, 7–15. [CrossRef] [PubMed]
120. Maia, T.V.; McClelland, J.L. A reexamination of the evidence for the somatic marker hypothesis: What participants really know in

the Iowa gambling task. Proc. Natl. Acad. Sci. USA 2004, 101, 16075–16080. [CrossRef]
121. Bechara, A.; Damasio, A.R. The somatic marker hypothesis: A neural theory of economic decision. Games Econ. Behav. 2005, 52,

336–372. [CrossRef]
122. Knutson, B.; Wimmer, G.E. Splitting the difference: How does the brain code reward episodes? Ann. N. Y. Acad. Sci. 2007, 1104,

54–69. [CrossRef]
123. Padmala, S.; Pessoa, L. Reward reduces conflict by enhancing attentional control and biasing visual cortical processing. J. Cogn.

Neurosci. 2011, 23, 3419–3432. [CrossRef]
124. Galvan, A. Adolescent development of the reward system. Front. Hum. Neurosci. 2010, 4, 6. [CrossRef]
125. Geier, C.; Terwilliger, R.; Teslovich, T.; Velanova, K.; Luna, B. Immaturities in reward processing and its influence on inhibitory

control in adolescence. Cereb. Cortex 2010, 20, 1613–1629. [CrossRef]
126. Jung, Y.S.; Kim, Y.-T.; Baeck, J.-S.; Lee, J.; Kim, J.G.; Chang, Y. The Neural Correlates of Celebrity Power on Product Favorableness:

An fMRI Study. NeuroQuantology 2018, 16, 50–58. [CrossRef]
127. Padmanabhan, A.; Geier, C.F.; Ordaz, S.J.; Teslovich, T.; Luna, B. Developmental changes in brain function underlying the

influence of reward processing on inhibitory control. Dev. Cogn. Neurosci. 2011, 1, 517–529. [CrossRef] [PubMed]
128. Lieberman, M.D. Social: Why Our Brains Are Wired to Connect; OUP: Oxford, UK, 2013.
129. Izuma, K.; Saito, D.N.; Sadato, N. Processing of social and monetary rewards in the human striatum. Neuron 2008, 58, 284–294.

[CrossRef] [PubMed]
130. Davey, C.G.; Allen, N.B.; Harrison, B.J.; Dwyer, D.B.; Yücel, M. Being liked activates primary reward and midline self-related

brain regions. Hum. Brain Mapp. 2010, 31, 660–668. [CrossRef] [PubMed]
131. Fliessbach, K.; Weber, B.; Trautner, P.; Dohmen, T.; Sunde, U.; Elger, C.E.; Falk, A. Social comparison affects reward-related brain

activity in the human ventral striatum. Science 2007, 318, 1305–1308. [CrossRef]
132. Hovland, C.I.; Lumsdaine, A.A.; Sheffield, F.D. Experiments on Mass Communication.(Studies in Social Psychology in World War II);

Princeton University Press: Princeton, NJ, USA, 1949; Volume 3.
133. Wu, C.; Kao, S.-C.; Chiu, H.-Y. Determinants of discontinuous intention of attention to mobile instant message services. J. Retail.

Consum. Serv. 2019, 49, 219–230. [CrossRef]
134. Dayan, P.; Kakade, S.; Montague, P.R. Learning and selective attention. Nat. Neurosci. 2000, 3, 1218–1223. [CrossRef]
135. Scheier, C.; Held, D. Wie Werbung Wirkt: Erkenntnisse des Neuromarketing. Planegg; Rudolf Haufe Verlag: Munich, Germany, 2006.
136. Matthews, G.; Wells, A. The Cognitive Science of Attention and Emotion; Dalgleish, T., Power, M.J., Eds.; John Wiley & Sons, Ltd.:

New York, NY, USA, 1999; pp. 171–192. [CrossRef]
137. Genco, S.; Pohlmann, A.; Steidl, P. Neuromarketing for Dummies; John Wiley & Sons: New York, NY, USA, 2013.
138. Hamelin, N.; Al-Shihabi, S.; Quach, S.; Thaichon, P. Forecasting Advertisement Effectiveness: Neuroscience and Data Envelopment

Analysis. Australas. Mark. J. 2021, 30, 313–330. [CrossRef]
139. Kandel, E.R. Em busca da Memória: O Nascimento de Uma Nova Ciência da Mente; Companhia das Letras: Sao Paulo, Brazil, 2009.
140. Knudsen, E.I. Fundamental components of attention. Annu. Rev. Neurosci. 2007, 30, 57–78. [CrossRef]
141. Van Zoest, W.; Donk, M.; Theeuwes, J. The role of stimulus-driven and goal-driven control in saccadic visual selection. J. Exp.

Psychol. Hum. Percept. Perform. 2004, 30, 746. [CrossRef]
142. Meneguzzo, P.; Tsakiris, M.; Schioth, H.B.; Stein, D.J.; Brooks, S.J. Subliminal versus supraliminal stimuli activate neural responses

in anterior cingulate cortex, fusiform gyrus and insula: A meta-analysis of fMRI studies. BMC Psychol. 2014, 2, 52. [CrossRef]
[PubMed]

143. Crottaz-Herbette, S.; Menon, V. Where and when the anterior cingulate cortex modulates attentional response: Combined fMRI
and ERP evidence. J. Cogn. Neurosci. 2006, 18, 766–780. [CrossRef] [PubMed]

144. Smith, M.E.; Gevins, A. Attention and brain activity while watching television: Components of viewer engagement. Media
Psychol. 2004, 6, 285–305. [CrossRef]

145. Kong, W.Z.; Zhao, X.X.; Hu, S.Q.; Vecchiato, G.; Babiloni, F. Electronic evaluation for video commercials by impression index.
Cogn. Neurodynamics 2013, 7, 531–535. [CrossRef] [PubMed]

http://doi.org/10.1523/JNEUROSCI.21-16-j0002.2001
http://doi.org/10.1016/0149-7634(95)00033-B
http://doi.org/10.3389/fnbeh.2016.00247
http://doi.org/10.3758/CABN.4.4.540
http://www.ncbi.nlm.nih.gov/pubmed/15849896
http://doi.org/10.1111/nyas.12957
http://www.ncbi.nlm.nih.gov/pubmed/26595376
http://doi.org/10.1016/j.brainres.2007.01.052
http://www.ncbi.nlm.nih.gov/pubmed/17320835
http://doi.org/10.1016/0010-0277(94)90018-3
http://www.ncbi.nlm.nih.gov/pubmed/8039375
http://doi.org/10.1073/pnas.0406666101
http://doi.org/10.1016/j.geb.2004.06.010
http://doi.org/10.1196/annals.1390.020
http://doi.org/10.1162/jocn_a_00011
http://doi.org/10.3389/neuro.09.006.2010
http://doi.org/10.1093/cercor/bhp225
http://doi.org/10.14704/nq.2018.16.2.1092
http://doi.org/10.1016/j.dcn.2011.06.004
http://www.ncbi.nlm.nih.gov/pubmed/21966352
http://doi.org/10.1016/j.neuron.2008.03.020
http://www.ncbi.nlm.nih.gov/pubmed/18439412
http://doi.org/10.1002/hbm.20895
http://www.ncbi.nlm.nih.gov/pubmed/19823984
http://doi.org/10.1126/science.1145876
http://doi.org/10.1016/j.jretconser.2019.03.024
http://doi.org/10.1038/81504
http://doi.org/10.1002/0470013494.ch9
http://doi.org/10.1177/18393349211005061
http://doi.org/10.1146/annurev.neuro.30.051606.094256
http://doi.org/10.1037/0096-1523.30.4.749
http://doi.org/10.1186/s40359-014-0052-1
http://www.ncbi.nlm.nih.gov/pubmed/25593703
http://doi.org/10.1162/jocn.2006.18.5.766
http://www.ncbi.nlm.nih.gov/pubmed/16768376
http://doi.org/10.1207/s1532785xmep0603_3
http://doi.org/10.1007/s11571-013-9255-z
http://www.ncbi.nlm.nih.gov/pubmed/24427225


Behav. Sci. 2022, 12, 472 20 of 21

146. Casado-Aranda, L.A.; van der Laan, L.N.; Sánchez-Fernández, J. Neural correlates of gender congruence in audiovisual
commercials for gender-targeted products: An fMRI study. Hum. Brain Mapp. 2018, 39, 4360–4372. [CrossRef]

147. Ananos, E. Eye tracker technology in elderly people: How integrated television content is paid attention to and processed.
Comunicar 2015, 23, 75–83. [CrossRef]

148. Cuesta-Cambra, U.; Niño-González, J.-I.; Rodríguez-Terceño, J. The cognitive processing of an educational app with EEG and eye
tracking. Media Educ. Res. J. 2017, 25, 41–50. [CrossRef]

149. Treleaven-Hassard, S.; Gold, J.; Bellman, S.; Schweda, A.; Ciorciari, J.; Critchley, C.; Varan, D. Using the P3a to gauge automatic
attention to interactive television advertising. J. Econ. Psychol. 2010, 31, 777–784. [CrossRef]

150. Simson, A.K. Neuromarketing, Emotions, and Campaigns. Yayımlanmamış Yüksek Lisans Tezi, Copenhagen Business School
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